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t <fc ^ csi a* w 2 ^ Mtt z 2 1 (fcmmm icm-t-shoo 

[0 0 8 4] 
[«4]' 



Psys -K -wml • wm2 
1+Psys-K 




[0 0 8 5] 

1l!l1WfcttM*5&fflfiT?&S^-#IS4E8tNmtt, 6 CO -fe > if J << 

X £^A,-ev>£„ ^-^HPfEtStNmte, SR^-#3 
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zm&mafen&fttmtti m^rjip s y s it^m^Mmxmm^ 

-f Xw 3 £ LTUZ.. t>t;>fXw 3 <Z>J&9tfffi!lttr& z 2 iCJgtlltV^ 
[0 0 8 6] 

w3 SlftSRwn&^LT^f^P s y s £ 3 > N n - ^ K £: ©IffllC AiJ"T 
[0 0 8 7] 

[0 0 8 8] 

■r.fc^jc'fev.u-y-f xw3j^e,fii!i»az 2*T?©e^wffi (fc&wat) fc*f-rs 

[0 0 8 9] 

I K - wn -wm2 II < 
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[0 0 9 0] 

a 

[0 0 9 1] 
[0 0 9 2] 

mmzg. cfc^ivizft-tzmmmm*. m 1 o {c^-rm&iftMA i &t>*2nj 

[0 0 9 3] 

[«6] 

max |ws • ( Rs ys- T ^y^^) | w <>V 

[0 0 9 4] 

^^m^^^ffi^^i&tC^Lfcra^^^T'^^A s tC^-T 
[0 0 9 5] 

26 ffill#2 0 0 1 - 3 0 9 1 2 1 9 



#2001 — 18331 1 



mi] 

|All<l. I A 2 I<1. I A s | < 1 

& m tz. 1" & h *P z> =t rJimM ic *f L t El 8 <d v t- i> t & s r i: tc^fif -e 
&£rh#*n£*iTv^ 0 r<0KffliiH8©n^^ h^'ffi^fPMt-^^tfe 

[0 0 9 6] 

[jet***- y y 7mm%n<*>'fflm?kmm 

n;U N r?:7tf-v> xylite® 8 <D^£>aAx h^^ffcffijaic^flire&s:! 

[0 0 9 7] 
[18] 

D=diag (d s , di. d2) 

[0 0 9 8] 
[19] 

|DT Z iiD" 1 I«<1 

U > ^ff #J D ti« 9 5£ IC J: y ii&BfcM Wffc Tz W ©*£$£^;l£-£:&< 
£T»£"tx>?r- y y*fftmvt.ziy h n-^K (s) Sr#«>sraa*^SIt^^r- 

y >^^jf?f$HoofH«risjaT? d s = i fcasfefbOTfe^L^*.*^. 
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[0 0 9 9] 
[RIO] 

D=diag (1. d, d) 

mm 

[0 10 0] 

[in] 

f (d): inf [DTzwD^io, 

K 

mmf (d) m7£vfrrt^*-*aizfthTm9iS;&H°oj;i& 

\zm*MZ J *%.Z>^y bU-^K (s) 5:#fi)feii§(Z)mtSHoo7 ;i/ATr& 
&„ ^£>2Mc$t9 5££i@£-rfc{;]:, 3<D«*ffiau <}: y/jsStttitfjiv^ n*?* 

d £#*.*U£7 -M^T'f (d) <Dmtf&$.Z> a 7 -fc'&mtit, 

mmmffiK-&v&fcmmz.£v±mmv#;<z>Hoo; jv^^m^mr <,z\<Dm&\z 

r 1 j ) <fc y/hS <f£ii:T*, itwcj: y =r> h n-^K (s) M^(Dt^ 

©f (d) a^^s,, f (d) ©«/hitttjRffi#«ftcfiw-«»TiS , T*#»e>ixs 
o*3ai»ttf (d) ■ ©ffi/jvfire&y, #v^i issh:,*^*--* d 

©^&©*^y:/T*;*^r— y >^fr#IDfc=i> hn-^K. (s) 
[0101] 

•xf^yi 

d_«in&ar^*/J>S«;fittc|S:)feLT'd = d_min£ ITHooOT^it LT 7 - 
V hn-^K (s) £^#)£ 0 ^©££©Hooy f (d_min) 
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[0 10 2] 

d = d + 0. 1 £ L/T^»tCHooft5ftlWa<3D3> h D-^K (s) H 
°°;jl2±Zf (d_2) ftZ> a d = d_max^l?^U^b f (d_max) * T* 

[0 1 0 3 ] 
•X^y^3 

dlcM-rSWmf (d) ©ft/Ml ^©^^©dCD-fitTX^-U^^f 
[0104] 

BBftf (d) <Z)I/M5:#^S d ©IT'SI y - SMtn > h n - 7 K (s 
) z.<Dny hn-7K (s) STMaWUfc-rs. 

[0 10 5] 

m&G>*ttmi*%>& lm 1 i8rgg&#< r^n if ^ e> &js^t 

fc&V*. *^IjgnfttLMM-X(D7^D-fTf3>hn-7K (s) £^ 
[0 10 6] 

^H^tfStfJCfeV^TttfW^^KtfCAD TMATLABj ?:^oT=I> 
hn-9K (s) ^Mltv^. 

[0 10 7] 



2 9 



£BliE#2 001-3091219 



#2001—183311 



o s c x % h ;i/ * ii^'ffi^^jigtt^Mb l * v ^ s r ^ - # 3 (Dwmmmwm 

[0 10 8] 

&tc»fff-Sftfe3> hn-7K (s) ©<£^7cfl:«.SIS:ff e>. n>hn-75: 
&<^So ^©fe«?)^tf$ti^n> hn-7K (s) ©#ffi&gg;tfcv*T?&8t3: 

[0109] 

*u (k) £?§£3£#T*££ 0 ««ai, b i li, Jtffiffi&TfrftStlfc 

n y h n - ^ ©JKfStffc tc# e> AMRt? & £ o 

[0 110] 
112] 

n n 

u (k) = Jai -u (k-i) + Jbi *Nm (k-i) 

i*HSw s femV&<Dfo&$: <fc tJH^f^l/R s y s lCiS^ttfcV^«T»:*£ 
[0111]' 
[0 112] 
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[mi 3] 



ws (s) =1 



wml (s) = 



2 (s+0.6213) 
(s+25. 13) 



wn (s) =18 



wm2 (s) = 



6.25 (s+25. 13) 2 (s+25. 13) 
(s+314.2) (s+6283) 2 



VA±<D&&M®L*H^TMi&Lf=.mf*7-v7T>n> hn-5K (s) HXT 

[0 113] 
[^14] 

0.14718 (s +342. 7) (s+23.59) 
(s+8.618) (s 2 +1.253s+0.3926) 
(s 2 -6 . 478s + 1 1 . 49) (s 2 +83 . 48s +3234) 
(s 2 +708.8s+2.487e 5 ) 

= (s 2 +719.8s+2.621e 5 ) 

WSISJ (s + 120.7) (s+25. 13) (s+0.6351) 

(s 2 +8 . 5B7s +24 . 92) (s 2 +22 . 75s +50 : 22) 
(s 2 +118. ls + 1 .22e 4 ) 
(s 2 +708.8s+2.487e 5 ) 
(s 2 +719.8s+2.621e 5 ) 

[0114] 

mi 5] 

D=diag (1, 1.1788, 1.1788) 

[0115] 

HI ltC^SftS .fc^lcyt^.*-* d 1 6 1 0 0 *T?3£ffc2lir 
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<Dmfem%fcZfii<^ (S3 01) , ^v\-eM»»7-f ^f-f >^icfc u^t^w^ 

^-^©I^JiSrfToT (S 3 0 2) , ^H^tVI/P s y s fit, M 

fg^-r^l/R s y s £#ffiU (S 3 0 3 ) , aMEttJR^MCDfBS, hM'J^^ 1 

04) , ±mizyy-jjX(Dm<&tf£(D£oftm&zm-tz>frZMs<& (sao 

5) „ 

[0 116] 

#CJC ±fH*»B5^ws, wml, wm2, w n Sr±ffiW3lELfeWffi3gl*&tF 
y >TX4«3?caSv*TSj£l, (S 3 0 6) , H8{c^lyfe-jRft;^>hS:f^fiR 
•TS (S 3 0 7) „ &V*T?, _h|B TMATLABj {C«fc*Ja>hn-9K (s) 
&tf*>r-y >y*T#fD&»mU (S 3 0 8) , tttBfNK&fr&ftjatS*^** 
fc^-TS (S 3 0 9) „ 
[0 117] 

3©JMT% ttlM*ffi&##i»J£3ft«itt*Ui, _tf2S 3 0 6~S 3 0 8 6* 

uigt-o s 3 0 9 izxnmwffi0kftt>m&znniz±mn> bu-^K ( 

s) Srfi^TttffcL (S3 10) , fl£#CjG<ft3*lfc=i> b n -9 K^HtftftSff ^ 
(S 311) „ 
[0 118] 

1 3 j^&T^-fe^/BBSa &A:ftU ^ tl £ 0 3 fC^ L t=- V y :/M (St£Ml/?V 
v7) tCJ:y BtRh;i/^Req_trq IClfctftU :/M P IC J: ySfcfeJIj^ft 

I &tf*tfltf8aMB 0 ^tl^tfJJI^IilfCJ&Cfcm^S: S R^-# 3 tC# 

— 7>f3>71iI/!/^U ej^&tO^-.dtleflESStNm (k) £A# 
U _hSB=i> hn-^Klcfc USSci 2«{cfieotiiEiu (k) £©Jfi 
!E*u (k) & g& h;i/^Req_trq lZjjUX.Z> 0 
[0119] 
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[0 12 0] 

mi**63^ffii:BHIilCS 1 0~S 4 0tf>#L3g£^?T U S4 0n?tt, JflE* 

mmmmzmn-tz* f&fct^ _tsa»i 2^{c^oT«iE*u <k) fc^jfi- 

-5 0 lit, «iE*u (k) &tf i E-*EH!K8Nm (k) Uu ^HKD^^#^ 

n & ram* u j&-tr4- ta©m»^ jc £ w- & ^ - # mti& n m & ti & . 

*tiE*u. (k-i) W?-f0llNm (k-i) tt, i Urt&CO^T* 
#<b*l£*tlE*u, &X$m i lfflt&(Z)Sli¥«rlCfcWS^-*ia<K»NmS:^n-?tl 

tftts. *n^ffiT?ii6^jc4£^7BftUTfe»;, tit^xemm (n = 6) * 

o 

[0 12 1] 

j£ T=Req_trq +u (k) B«h;i/*Req_ 
trq ZffiJEMu (k) tCJ: UfiiiELT, h)V7 T 
[0 12 2] 

JS*», «lHifi^JI8 i:W«tCS 80-S1 1 o^^a&^fft-s. 

TJCJSCT S R^E-* 3^©««*««;Stl<6. 
[0123] 

015&, i©«fc^feffiffflrS:^-5 S R^E-# 3 JC:O^T, #'f£^«JJC;*f 
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[0124] 

(1) XmrnfeMVlZ, -ny hn-9K^e>»e>*ifc»iEAu (k) §SRf 

[0 12 5] 
[0 12 6] 

(2) ^mmmmr^t. mm,^m<Dm^ sr^-^3®«s, sr^-#3 

[0 12 7] 

(3) ^mmmmvit. Mm&&tfbfrtrmi£&&&#£*&z£'emwiWM 

[0 12 8] 
[0129] 
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[0 13 0] 
[0131] 

• Brf|B^l|l^ffi(CfeVNT«, PD«m#fCJ:£MlE£Btl Wl/*Req_tr 

0 f&fct3, 9^h;i/^Req_trq £*tCl|rjfa (1) 5£&ffiVNT h;i/**|*vfiitrq ( 

^^4l^MiE*PD_out|:, bJV^mmmtrq (n) lC*f L^IT^ Vy^M 

T*2bZ> h;i^^53tfiltrq (n) ( = trq (n) - P D_out) * - # N 

m, Vb ££M^£o $ <b(C h;i/?Req_trq -tcZ^tf)?: h ;b ? Jg^fit £ L T 
L T ^ - # $JftT £ #f o T * <fc V ^ 0 
[0 13 2] 

[0133] 
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[0134] 
[0 13 5] 

o 

[0 1 36] 

• mm^2mmmmiz^^xit. =i>bn-9K^e>»&tifc*iiE*u (k) 

^SRf-^t 3 <Z)Ji^H»Req_trq iC^fb*[I#f -5 «fc 3 iZ b j**-r 5 <fc V K 

[0 13 7] 

• iiafaH2!y£7£®Uc&v^l±, 1 4 #CCD zi > hn-^K (s) £#ffiLT3 
[0 13 8] 

Lt=.tfz.Hizmfe£tiz>%(Dx*i l zt£\,^ gW}M&sfr<z>n%LMnxmmi<x : b j:va 

IfrffiJM l» & SUB L T % J: v n 0 3 (D *k *S& ^ - * © JBtt jg H & Efts 



3 6 



tfjll#2 001-3091219 



#2001—183311 

[0139] 

(1) ff^l~ 6©V*"rft#— ^ICE^T, frffB? Y ;b##M&l£> V7h-? 
[0 14 0] 

(3) if#^2~5(Z)V^*l*^:^&C£VNT, |&IBffilE^«lC J: S*ilEiB3*tt 
[0141] 

(4) 3t:£#4~6©V*"f*l*^£fC;i3V*"r, gaSHfJ^mtt, T*-fe/HBf£ 
#S(12) OiM§r^ajtS7^t;i/HMffi#IS (13) ©«m»g*tCiS 

[0 14 2] 

(5) 8t#£ 1 ~SI## 6 , tifffiK«f»S« (1) - (4) ©V^tlJ&^OjC 

l0«fSt©Mi&»fe-J§- ic o v ^ T tt^-T U % S - a) h ;b 4r"fljff»©*f * i: t± 3 ti 

[0143] 
[|§HJ!tf)^m] 

[0144] 
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m 7 sl t>* 8 k mm <z> #g m n «, iijm$i ng^ © £ #> © ft & ara tc ff 

[0 14 5] 
[0 14 6] 

[02] >f >A-*®«&[g»Bi. 

[03] T^-fe;i/BSS**e>S«h;i/^S:»*fc«>©'7y^ , 0 
[04] Jgi»H©.f!l»^?:^t^n >y 

[05] hfr9m{£&<D^-*mtoWfflitoM*nm?&fcto<Dy?7o 

[06] ^-#38imMM;b-^>(Z)7n-^- K 

[07] mft^m<i>&m&iK't7u-*v-ho 

[0 8] j£ 2 2U&£ffi0> 3 > hO-^&HooMtcj: y^'t4fc«>©^' 
O y # 0- 

[09] ^^7 s ;i/fe«fctf^*g^ , 5 s ^<3[)#M»»#tt&^ , ry^7 0 
[0io] ny hn-9SrHoofflfflricj:y»fcjii--sfeai)©^'n»y^Bi 0 

[01 1] W»f (d) ^f^77„ 
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[mi 3] MMnfflfflfflvMfflftmitB-t^uv vm* 

[hi 4] =e-^mmwmmm^~^y(Dyu-^^-ho 

[mi 5] &&Mm<D^-*Mmmm®^*mm?ztz.&<Dy ; 77 0 

imi 6] '&&<D^-*mm\Hm-*^7uv vm* 

[01 7] hJizmm<D=E-*MMm$iZWim-t2>t~to<Dtf^7 a 

[n^<DWi*m 

fcZfTkftmMmt. LX(DS R^-#, 5-ECU, 6--f>A-#, 

1*iE#®, LTCOV'f zi >, 1 3-7^t;i/t>t, 16- 
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mm%] mm 

[Hi] 
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[H2] 




Q_ 



i 



i Km 




-Ik 



o 



\ 



CD I 
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[H3] 



[04] 




M 



PDftf 
Kp+Kdx(l-i/z) 



r l 1 
7*7 






> 



0 . 1 -50Hz 

^1 



[EI 5] 
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[0 6] 



-S10 




/ (Reqjtnq) Zt$Z 
/ i-9Bfe&Nm (n) ftffi 



S30 



7- 

7^40 







BNm (n) =al*Bnm (n-1) +a2*BNm (n- 


■2) +bl*Nm (n) 


+b2*Nm (n-1) +b3*Nm (n- 


-2) 






-BNm (n-1) ) 


PD_out=Kp*BNm (n) +Kd* (BNm (n) 



I 



-S5C 



-S6C 



t-^<Dl§*KJl,9Tn€Sili 
Tn=Req_trq-PD_put 



S70 



S80 



sioo 




sno 



4 
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S210 



S220 



S230 



S240 



S250 




S260- 
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> 










t 


( * 


t ) 
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[08] 




O <1 O 



^ o o 



-Rt 







TK 
l-M 




□c 



(SI 

■C7N 
1 



=^ CO 
TK 

i-h cn 



in 

j 



CO 








c 




be 




a* 




3: 
ft* 












Hill 




tllll 




tlmil 



CM 
-< 



m 

3: 



ZD 



tf}§E# 2001-30 91219 



#2001—183311 



[09] 



9 

It 

(dB) 





-300,' ■ 



10° 10 1 

rat (Hz) 



7 
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[Ell 0] 



WW 

wl 



ws 



z2 



*SA2 



Rsys 



+ IMz 1 



wm2 

— 5fT~ 



w2 



wml 



Psys 



wn 



Nm 



ZDhO-5 
K 




8 
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CHI 2] 



c 



fifths©** 



TjhD-5K (s) . 




S301 

S302 

S303 
S304 
S305 
S306 
S307 

S308 



S309 





V 








f 



c 



S310 
S311 



*7 
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[013] 



Reqjtrq j * + 



MP 



f-SMSNm (k) 




IIElu (k) 



Nm (k) 
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[014] 




L 



§ShJL9 

(Reqjtrq) 



7 



/ t-9BSKNm (k) m 



I 



S40 

1 



S401 



n 



n 



u (k) = £ai "U (k-i) + Jbi 'Nm (k-i) 

i=i i»0 



I 



S402 



T=Req_trq+u (k) 



S80 



S90 



-sioo 




sno 
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[016] 



MP 



72 



71 
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m • 
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[Ell 7] 



(a) 




(b) 




[018] 



(dB) 



10 5 
10° 
10- 6 























A ^ 













IO" 3 io- 1 10° 10 1 10 2 IO 3 10 4 



50 r 
ft 0 
fi -50 
(deg) -100 

-150 h 
-200 





IO" 2 IO" 1 10° IO 1 10 8 10 3 

Mm (Hz) 
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mm%] mmm 
[mm] 

tfJStlfeO. 1-5 OHzCD^#^-#tC^UPDMII&S#&£*l, 
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[00000001 1] 
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